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Supplementary Figure S1: Summary of the main sedimentary facies, presenting their lithological and textural attributes, key sedimentary structures, and brief interpretations based strictly on observed features.
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Supplementary Figure S2: Different morphologies of mud drapes were identified: (A) disoriented, (B) mixed with coarse sand, (C) concave, (D) wavy, (E) with dispersive tails, (F) bifurcated and crenulated, (H) in sub-horizontal layers, and (G) rough and diffuse.





Petrology
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Supplementary figure S3: Mosaic of petrographic thin section MAG-01 highlighting microbial mats with corrugated features, either continuous or discontinuous, showing different levels of biofilm development.
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Supplementary figure S4: Mosaic of petrographic thin section MAG-02 highlighting microbial mats with corrugated features, either continuous or discontinuous, showing different levels of biofilm development.
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Supplementary figure S5: Mosaic of petrographic thin section MAG-03 highlighting microbial mats with corrugated features, either continuous or discontinuous, showing different levels of biofilm development.
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Supplementary Figure S6: The following MISS from the Mangabeira Formation were identified under optical microscopy: (A) Surfaces displaying shallow depressions, (B) Interpretation, (C) Disoriented micas, (D) Interpretation. (E) Fragmented microbial mats with frayed edges, (F) Interpretation


Confocal fluorescence microscopy 
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Supplementary Figure S7: (A) Identification of the dense phase in computed microtomography images. (B) Interpretations of domains showing a higher predominance of Fe₂O₃. This analysis is based on samples MGB-01.

Micro-computed tomography
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Supplementary Table S8: Quantitative results of the micro-computed tomography of sample MGB-01.
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Supplementary Figure S9: Orthoslices obtained from different planes of computed microtomography of sample MGB-01. (A) Fe₂O₃-rich portions highlighted in white, indicating higher density. (B) Sample after application of a color filter to enhance visualization of the Fe₂O₃-rich portion, highlighted in red.

[image: ]
Supplementary Figure S10: Rendered orthoslices highlighting portions with higher Fe₂O₃ concentration in green.
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Supplementary Figure S11: Portion showing only the isolated Fe₂O₃ phase.
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[bookmark: _GoBack]Supplementary Figure S12: Microbial mats illustrated at a three-dimensional scale through a volume isolating only the Fe₂O₃-rich phase, indicating higher density consistent with bacterial activity. Insets 1, 2, and 3 highlight roll-up mat structures.
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Lithology
and texture

Facies
code

Well-sorted, white-pink
medium sandstone,
sub-angular grains;

locally bimodal or with
inverse grading

Well- to moderately
sorted, fine- to medium-
grained, whitish-pink
sandstone with grain-
size segregation and
bimodality, corrugated
fine-grained layers

Very fine sandstone to
siltstone with mud
drapes; well sorted

Sedimentary
Structure

Tangential and trough
cross-stratification in sets
of 10-50 cm; grain-flow
strata; granule ripples (up
to 10 cm); low-angle
cross-stratification in some
intervals

Low-angle cross-
stratification; reactivation
surfaces spaced ~60 cm;
low-angle cross-lamination

at set tops; adhesion
structures locally

Mud drapes, adhesion
ripples (up to 3 cm),
crenulated drapes, thin
muddy laminae
interbedded with sand;
fluidized ripples with
millimetric spacing

Interpretation

Migration of 3D or tangential dunes
under moderate to high-energy
flows (eolian overprinting where

well sorted)

Migration of low-angle 2D dunes or
sand sheets with periodic flow
reactivation; Fills of shallow scours,
attenuated dunes, and antidunes.

Periodic flooding and rapid
decantation in low-energy settings,
with adhesion structures and mud

drapes indicating exposure and

wetting—drying cycles; microbial-

induced stabilization of sediment
surfaces.
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